The proximate, mineral and amino acid compositions and functional properties of leaf protein concentrates of Amaranthus hybridus and Telfairia occidentalis were investigated on dry weight basis. The proximate values were high in ash, protein and metabolizable energy with respective values in A. hybridus as 17.2, 34.8 (g/100 g) and 1.4 MJ and in T. occidentalis 12.3, 35.4 (g/100 g) and 1.6 MJ; with r xy of 0.67 and Rc of 1.15. Minerals only slightly high in the samples were Na, Ca and P with values of 32.2, 50.2 and 45.7 (mg/100 g) respectively in A. hybridus and 31.2, 51.3 and 39.5 respectively in T. occidentalis; with r xy of 0.61 and Rc of 0.97. The amino acids were generally more concentrated in the A. hybridus than T. occidentalis with an r xy of 0.66 and Rc of 1.02. Total amino acid in A. hybridus was 678.1mg/g crude protein with total essential amino acid of 393.5 mg/g or 58.0 % while the total amino acid in T. occidentalis was 455.3 mg/g with total essential amino acid of 256.1 mg/g or 56.3 % showing both proteins to be high in essential amino acids. Threonine was the limiting amino acid in both samples with 0.69 (A. hybridus) and 0.43 (T. occidentalis). The functional properties showed that both have high water and oil absorption capacities with values of 230.0 and 182.9 % (A. hybridus), 95.0 and 146.3 % (T. occidentalis) respectively. While foaming capacity was low, foaming stability was high with a low rate of change (2.0 % /min) in A. hybridus and 1.7 %/min in T. occidentalis. The protein solubility was moderate with a range of 34.6-42.7 % with r xy of 0.77 and Rc 1.06. While experimental pI was pH 5.0 in A. hybridus and pH 4.0 in T. occidentalis; the theoretical pI in A. hybridus was 4.2 and 2.8 in T. occidentalis.
INTRODUCTION
Nigeria is the largest country in West Africa, with an area of 928,200 km 2 and a population of about 140 million. The coastal area is swampy and at sea level. This is adjoined by a rain forest zone along the southern part, where it is evergreen. In the northern part is the open grassland or savannah, where the grass is lush; but this area becomes more narrow towards the north, where there is shrub vegetation (Oke, 1983) . There are two seasons, wet (rainy) and dry. The diet is largely vegetarian, roots and tubers being the staple in the south and cereals in the north. Both staples supply 78 % of the energy requirement. Animal sources supply only about 3 % of the energy and 8 % of the protein requirement, while pulses supply another 6 % of the protein. In the northern part, where millet and sorghum are the staple foods, the mean protein intakes was found in 1959 to be 85 g, with a protein score of 77, while in the south, where yam and cassava are the staples, the protein intake was 51 g, with a protein score of 50. None of the children consumed enough food to meet their energy and protein requirements (Oke, 1983) .
The green vegetable has long been recognized (Byers, 1961; Oke, 1973) as the cheapest and most abundant potential source of protein because of its ability to synthesize amino acids from a wide range of virtually unlimited and readily available primary materials such as sunlight, water, carbon dioxide, atmospheric nitrogen (as in legumes). For example, cassava leaves, a byproduct of cassava root harvest are (depending on the varieties) rich in protein (14-40 % dry matter), minerals, vitamins B 1 , B 2 and carotene (Eggum, 1970; Ranvidrian and Blair, 1992; Adewusi and Bradbury, 1993; Aletor and Adeogun, 1995) . Available literature clearly indicate that apart from lower methionine content, the amino acid profile from most leaf species compare favourably with those of soya bean, meat, fish and egg and generally, surpass FAO essential amino acid pattern (Eggum, 1970; Barbeau, 1989) . Proteins are of prime importance to health. However, they are often deficient in the diets of people in developing countries, particularly those in the vulnerable groups; nursing and expectant mothers, weaning and preschool children. Lack of protein may lead to high mortality and lowered resistance to disease, especially in childhood. In view of the economic situation in the rural areas and because kwashiorkor is rife in Nigeria, it is essential to look for inexpensive sources of good quality protein that can be used as alternatives to expensive animal protein. Since the high cost of animal protein is due mainly to the price of feeds, it was felt that a local substitute such as leaf protein concentrate (LPC) might decrease the cost of animal protein.
The major objective of this presentation is to present and discuss the chemical composition and functional properties of the leaf protein concentrates of Amaranthus hybridus and Telfairia occidentalis.
MATERIALS AND METHODS

Collection and treatment of samples:
The leafy vegetables were harvested within the campus of the Federal University of Technology, Akure. The harvest was in February. The stalks were removed and the leaves rinsed with distilled water and blended to prepare the protein concentrates (LPCs). The vegetables used were Amarantus hybridus and Telfairia occidentalis. Full information on the two vegetable samples used are given in Table 1 . Leaf protein concentrate (LPC) production: The leaves were washed and weighed prior to pulping using the Posho mill, followed by pressing with screw press to separate leaf juice. The Posho mill has sharp blades which can be adjusted to carry out the pulping. The leaves were fed in from a tray above the pulper. The mill is available in every village in Nigeria and is used mainly for grinding corn and beans.
Since there is no electricity in the villages, the mill is designed to run on a diesel engine (Oke, 1983) . The separated leaf juice were heated in batches to 80-90 o C for about 10 mins to coagulate the leaf protein. The protein coagulum was separated from the fraction by filtering through cloth filter followed by pressing with screw press as described for garri making (Aletor, 1993) . The LPCs were then washed with distilled water and repressed. The products were pulverized and spread in the sun to dry prior to analysis. The flow-chart for the low-cost fractionation scheme as adapted from Fellows (1987) is shown in Fig 1. After sundrying the LPCs, they were subjected to the various analyses after they have been ground into flour and preserved in polyethylene bottles.
Analysis of the samples: Moisture, total ash, ether extract and crude fibre were determined by the methods of the Association of Official Analytical Chemists (AOAC) (2005) while nitrogen was determined by the micro-Kjeldahl methods described by Pearson (1976) and the percentage nitrogen was converted to crude protein by multiplying by 6.25. Carbohydrate was determined by difference. The minerals were analyzed from solutions obtained by first dry-ashing the LPC flours at 450 0 C and dissolving the ash in 0.1 MHCI and transferring to 100 ml standard flask using distilled deionized water to make it up. Buck Scientific Model -200A/210 Atomic Absorption Spectrophotometer was used for the analysis of Na, Cu, K, Cr, Ca, Co, Mg, Zn, Fe and Mn. The standards for each metal using suitable metal salts of each metal were used. The instrument was switched on and hollow cathode lamp for each metal was specific and acetylene flame used. The standard for each metal was aspirated into flame as well as the samples and their respective concentrations in mg/100 g were calculated (AOAC, 2005) . Phosphorus was determined colorimetrically by Spectronic 20 (Gallenkamp, UK) using the phosphovanado molybdate method of AOAC (2005) .
Amino acid analysis: About 2.0 g of each sample was weighed into the extraction thimble and the fat extracted with chloroform/methanol (2:1) mixture using extraction apparatus (AOAC, 2005) . The extraction lasted for 5-6 h. Between 30-35 mg of the defatted samples was weighed into the glass ampoule. 7 ml of 6MHCI was added and oxygen was expelled with nitrogen. The glass ampoule was then sealed with Bunsen flame and put in an oven preset at 105 o C ± 5 o C for 22 h. The ampoule was allowed to cool before breaking open at the tip and the content was filtered to remove the humins. The filterate was then evaporated to dryness at 40 o C under vacuum in a rotary evaporator. The residue was dissolved with 5 ml of acetate buffer (pH 2.0) and stored in plastic specimen bottles which were kept in the deep freezer. The method of amino acid analysis was by ion-exchange chromatography (IEC) (FAO/WHO, 1991) . The Technicon Sequential Multisample Amino Acid Analyser (TSM) (Technicon Instruments Corporation, New York, USA) was used for the analysis. The period of an analysis lasted for 76 minutes for each sample. The column flow rate was 0.50 ml/min at 60 o C with reproducibility within ± 3 %. The net height of each peak produced by the chart record of the TSM was measured and calculated. All the amino acid values were reported on mg/g crude protein on dry weight basis.
Estimation of isoelectric point (pI):
The estimation of the isoelectric point (pI) for a mixture of amino acids can be carried out by the equation of the form:
where IPm is the isoelectric point of the mixture of amino acids, IPi is the isoelectric point of the i th amino acid in the mixture and Xi is the mass or mole fraction of the i th amino acid in the mixture (Olaofe and Akintayo, 2000) .
Essential amino acid scores:
The quality of dietary protein can be measured in various ways (FAO/WHO, 1991) but basically it is the ratio of available amino acids in the food or diet compared with needs expressed as a ratio (FAO, 1970; Bender, 1992) . The following was used to calculate the scores: Functional properties: The protein solubility was examined from pH 1-12 by the method of . The samples (0.2 g) was thoroughly stirred with distilled water (10 ml) at room temperature, and the pH was adjusted using either 0.1 M HCI or 0.1 MNaOH and a supernatant was obtained whose protein content was determined by the Biuret method (Wiechselboven, 1946) . The lowest gelation concentration, water absorption and foaming properties of sample flours were determined using the methods of Sathe et al. (1982) . The emulsion capacity and stability were determined by the method described by Sathe and Salunkhe (1981) . The results were means of duplicate determinations.
Statistical analysis:
All our results were subjected to statistical analysis. Mean (x), standard deviation (SD) and coefficients of variation percent (CV %) were calculated (Steel and Torrie, 1960) . Also calculated were the correlation coefficients (r xy ), coefficient of alienation (C A ), index of forecasting efficiency (IFE) and regression coefficient (Rc). The r xy was converted to table value to see if significant differences existed among the sample results at p < 0.05 (Kolawole, 2006) . Rate of change for foaming stability was also calculated.
RESULTS AND DISCUSSION
Proximate composition: Table 2 depicts the proximate composition of Amaranthus hybridus and Telfairia occidentalis. The moisture content was low with little variable of 9.9 %. Protein was high with values of 34.8 ± 1.1 g/100 g (A. hybridus) and 35.4 ± 1.2 g/100 g (T. occidentalis) with a CV % of 1.2. The error of prediction was low (26.0 %). crude protein value for A. hybridus was close to the value of 35.1 ±1.28 g/100 g reported by Aletor (1999) but our value for T. occidentalis was lower than 54.9 ± 1.27 g/100 g reported by Aletor (1999) . These differences could be due to the method of calculation by Aletor who based her results on dry matter (DM) basis. Other proximate parameters compared with Aletor (1999) were (g/100 g); crude fat, 9.6 ± 0.02 and 10.7 ± 0.6; ash, 17.2 ±0.01 and 12.3 ± 0.01; crude fibre, 1.7 ± 0.15, 1.6 ± 0.08; carbohydrate, 29.0 ± 0.4 and 33.4 ± 2.4 in A. hybridus and T. occidentalis respectively ( in our results) while they were: 5.6 ± 0.31 and 11.9 ± 0.16; 22.3 ± 0.06 and 11.4 ± 0.43; 1.1 ± 0.35 and 1.8 ± 0.24; 31.4 and 17.3 in A. hybridus and T. occidentalis respectively in Aletor (1999) . Most of our values were close to those reported by Aletor (1999) . The calculated gross energy reported for A. hybridus by Aletor (1999) was 1.6 MJ/100 g and it was 2.1 MJ/100 g in T. occidentalis while our respective results were 1.4 MJ/100 g and 1.6 MJ/100 g. Foods differ in their potential energy content (McCance and Widdowson, 1967; Aletor and Fashuyi, 1997) . 100 g of bread contain 1.1 MJ of energy; 100 g of butter contain 3.1 MJ of energy; 100 g of meat contain 1.3 -1.8 MJ; 100 g potatoes contain 0.4 MJ, while 100 g cabbage or apples contain only 0.1 MJ of energy. This means that LPCs were of high energy values. Using a conversion factor of 0.8, the crude fat content of 9.6 and 10.7 were converted to total fatty acids, that is 9.6 x 0.8 = 7.7 g fatty acids (80.2 %) and 10.7 x 0.8 = 8.5 g (79.4 %) fatty acids, (Paul and Southgate, 1978) . This means the fatty acids content were of high values. The coefficient of variation percents (CV %) were all low but total ash had a CV % of 23.4 which was the highest. The correlation coefficient (r xy ) was high (0.67) but not significantly different. On the overall concentration of the proximate parameters, the regression coefficient (Rc) showed that for every unit increase in A. hybridus, it was 1.15 increase in T. occidentalis, meaning that T. occidentalis were more concentrated than A. hybridus. The coefficient of alienation (C A ) was high at 0.74 (74 %) and the index of forecasting efficiency percent (IFE) low at 26.0; this would make prediction of relationship between A. hybridus and T. occidentalis difficult because the reduction in the 
Mineral:
The results of the mineral analysis are shown in any of the samples. It is possible that the processing undergone by the samples before analysis could enhance the availability of the trace metals but the consumption of animal protein will also enhance the absorption of iron in the intestine (Bender, 1992) . Manganese functions as an essential constituent of bone structure, for reproduction and for normal functioning of the nervous system; it is also a part of the enzyme system. Meat and poultry products contribute a little of this micromineral (Fleck, 1976) . In snails, they also contribute low values, for example Mn (mg/100 g, wet weight) in Archachatina marginata (0.41), Archatina archatina (0.38) and Limocolaria sp. (0.59) (Adeyeye, 1996) . Mn ranged between ND (not detected) to 2.6 mg/100 g (dry weight) in the leaves of Celosia argentea and ND -0.2 in the stem of Hibiscus esculentus (Adeyeye, 2005a) . In the fruits of cola, Mn was 0.05mg/100 g dry weight in Cola acuminata and 0.07 in Garcinia kola (Adeyeye and Ayejuyo, 1994) . This means Mn may be a persistently low content of both plants and animals. The amino acid requirement for infant is 460 mg/g (with His) (FAO, 1970; DHSS, 1977) . In our samples, A. hybridus would produce 428.9 mg/g or 6.76 % less than the requirement whereas T. occidentalis would produce 275.3 mg/g or 40.2 % less, however T. occidentalis would be a good supplement in protein enhancement. A. hybridus would produce the entire requirement for pre-school child (2-5 y) whereas T. occidentalis would only still serve as a supplement. The total sulphur amino acid (TSAA) of A. hybridus was 46.7 mg/g and 16.4 mg/g in T. occidentalis, these were lower than the 58 mg/g crude protein (cp) recommended for infants (FAO/WHO/UNU, 1985). The aromatic amino acid (ArAA) of the LPCs were 61.2 mg/g cp in A. hybridus and 44.3 mg/g cp in T. occidentalis, these values were below the range of 68-118 mg/g cp suggested for ideal infant protein (FAO/WHO/UNU, 1985). The percentage ratios of essential amino acids to the total amino acids in the samples were between 56.3 and 58.0 %. These values were well above the 39 % considered to be adequate for ideal protein food for adults (FAO/WHO/UNU, 1985) . The percentage of essential to total amino acids in the samples were comparable to that of egg (50 %) (FAO/WHO, 1990) . The values obtained for the samples compared favourably with the 43.6 % for pigeon pea flour and 43.8 -44.4 % reported for beach pea protein isolate (Chavan et al., 2001) . The statistical comparison of the essential amino acids for the two LPCs is shown in Table 6 . The least varied parameter was arginine with a CV % of 1.5. The r xy was positively high (0.71) and the Rc (0.94). The reduction in the error of prediction of relationship was just 30.0 %. Table 7 contains the amino acid scores for the LPCs. In A. hybridus the amino acid scores were greater than 1.0 in Ile, Leu and Met + Cys. Thr was the limiting amino acid in both samples but while the Thr level in A. hybridus was 0.69, it was 0.43 in T. occidentalis. Therefore, in order to fulfil the day's needs for all the essential amino acids in A. hybridus, 100/69 or 1.45 times as much as A. hybridus protein would have to be eaten when it is the sole protein in the diet whereas it would be 100/43 or 2.33 times in T. occidentalis (Adeyeye, 2004) . The r xy was high (0.71) but not significant at p < 0.05, the Rc (0.97) showed that A. hybridus was better than T. occidentalis by 0.03 units, the degree of alienation was high (0.70). Carefully made dry LPC is said to contain 60-65 % true protein and 0.1-0.2 % ß -carotene. The apparent differences in the amino acid composition might be due to the use of leaves of differing age and antecedents, or different processing techniques, as from real species differences (Pirie, 1979) . Feeding experiments with chickens, mice, pigs and rats showed that LPC was safe and nutritionally useful (Pirie, 1979; Aletor, 2003 and 2004) . Four human trials have been published. A 50:50 mixture of LPC and milk gave nearly as good nitrogen retention by malnourished infants as the same amount of protein given wholly as milk. Children 6-11 years old grew more on a diet supplemented with lysine or sesame (Pirie, 1979) . Mothers gave 10 g of LPC daily to a group of 2-to 6-year-old Nigerian children with kwashiorkor. Besides curing the children, this improved their appetites and mental alertness (Pirie, 1979) .
Functional properties:
The water absorption capacity (WAC) values are shown in Table 8 . The value of WAC in A. hybridus was 230.0 and 95.0 g/100 g in T. occidentalis. These values compared favourably with WAC of 138 % in pigeon pea flour (Oshodi and Ekperigin, 1989) ; 130 % for soy flour, 107.1 % for sunflower and 60.2 % for wheat flour (Lin et al., 1974) , 140.63 % for whole meal wheat flour (Adeyeye and Aye, 2005) ; three varieties of melon by Ige et al. (1984) The oil absorption capacity (OAC) was 182.9 % in A. hybridus and 146.3 % in T. occidentalis with a low CV % of 15.7. These values were better than those obtained for wholemeal wheat flour, 72.44 % (Adeyeye and Aye, 2005) ; wheat and soy flours (8.42 %) and (84.4 %) respectively (Lin et al., 1974) . The OAC capacities would suggest that T. occidentalis was more lypophilic than being hydrophilic whereas A. hybridus was more hydrophilic than lypophilic in nature. The current OAC results were also better than the values in African yam beans with values of 100.55-133.38 % , pigeon pea (89.7 %) (Oshodi and Ekperigin, 1989 ) but lower than 207.8 % in sunflower flour of Adenopus breviflorus benth flour (Oshodi, 1992) . Values obtained for dehulled seed flour of A. breviflorus benth was 125.9 % (Oshodi, 1992) while values for three varieties of lima beans by Oshodi and Adeladun (1993) ranged from 82.3 to 91.5 %. These results showed that the LPCs under discussion might be better flavour retainers than wheat, lima beans, soya and pigeon pea flours (Kinsella, 1976) and African yam bean flours . The foaming capacity (FC) was low (5.0-6.0 %) for both samples, however foaming stability (FS) was high with values of 40.10 % (A. hybridus) and 50.0 % (T. occidentalis) at 30 minutes (Fig. 2) but the rate of change being higher (2.0 %/min) in A. hybridus than in T. occidentalis (1.7 %/min), meaning that the FS was more stable in T. occidentalis. Consequently, the LPCs would not be attractive for products like cakes or whipping toppings where foaming is important (Kinsella, 1979) . None of the leaf proteins processed can show comparable foaming properties with soy protein isolates (SPI) except isopropanol-extracted samples (Vinconneau, 1979) . The oil emulsion capacity (OEC) was 47.5 and 48.7 % in A. hybridus and T. occidentalis respectively, the CV % was very low (1.8). The OEC were better than in Z. variegatus (25.6 %) (Olaofe et al., 1998) , 7.0-11.0 % for wheat flour and 18.0 % for soy flour (Lin et al., 1974) , so the LPCs might be useful in the production of sausages, soups and cakes (Altschul and Wilcke, 1985) . However, the oil emulsion collapsed within 5 min, which suggests that the protein would be of little use in products that depend on the formation of suitable emulsions. The values of lowest gelation concentration (LGC) are shown in Table 8 . It was 4.0 % in A. hybridus and 6.0 % in T. occidentalis. These results were better than the results for LGC of whole and dehulled seeds of African yam bean flours with values of 8.0-10.0 % ; pigeon pea (12 % w/v) (Sathe and Salunkhe, 1981) ; lupin flour (14 % w/v) 1982) ; mung bean protein isolate (10 % w/v) (Coffimann and Garcia, 1977) ; three varieties of lima beans (8-12 % w/v) (Oshodi and Adeladun, 1993) ; and full fat fluted pumpkin seed flour (36 % w/v) (Fagbemi and Oshodi, 1991) . Protein gels provide a structural matrix for holding water, flavours, sugars and food ingredients; this is useful in food applications and in new product development. Gelation is responsible for the setting of stews and the results obtained here show that the LPCs may be better than other literature samples in terms of this property. This may make them more useful in the production of curd or as additive to other materials for gel formation in food products.
The pH effects on the protein solubility of the samples are depicted in Fig. 3 . While minimum solubility pH was 4.0 in T. occidentalis it was 5.0 in A. hybridus. The isoelectric point (minimum solubility) (pI) between the calculated and experimental results were close in A. hybridus, 4.2 and 5.0 respectively, they were wide apart in T. occidentalis with 2.8 (calculated value) and 4.0 (experimental value). This type of situation had been reported by Olaofe and Akintayo (2000) . The pH solubility was generally moderate in the two samples with values of solubility less than 50.0 % with A. hybridus being more soluble. The heat precipitation might have caused heat denaturation with a subsequent low solubility over the whole range of pH (Vinconneau, 1979) . This processing method should therefore be avoided each time a good solubility of the protein is required for the end use (Vinconneau, 1979) .
CONCLUSION:
The heat fractionation involves the simplest equipment and the lowest processing costs. Amaranthus hybridus and Telfaria occidentalis are good sources of proteins and carbohydrates with good values of metabolizable energy and average mineral supply of Na, K, Ca, Mg, Zn, Fe and P. The amino acids are of high qualities particularly the essential amino acids. In functionality, they are good in WAC, OAC, OEC and LGC. They are however low in protein solubility. Since they possess appropriate functional properties, they may be adopted for use by
